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tory three-dimensional structure and a catalyticalfy active 

^S°V there0n ' 11,31 or P a " of the 

catalyst which makes contact with an exhaust gas is formed of 
numerous irregularly arranged protrusions composed of a 
refractory inorganic powder having a particle diameter of 5 to 
300 micrometers or a mixture of it with refractory inorganic 
fibers and the catarytically active substance supported on the 
protrusions. The catalyst can be produced, for example, by 
preparing an aqueous slurry from the refractory inorganic 
powder having a particle diameter of 5 to 300 micrometers or 
a mixture of ,t wrth the refractory inorganic fibers and a suit- 
able d.spersant, forming numerous irregularly arranged prot- 
msions on that surface or part of a refractor^ thrX 
dimensional structure which makes contact with an exhaust 
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This invention relates to a catalyst for clean- 
ing diesel engine exhaust gases or industrial exhaust 
gases containing combustible fine carbonaceous particles. 

In recent years, fine carbonaceous particles in 
5 diesel engine exhaust gases (consisting mainly of solid 
fine carbon particles, fine particles of sulfur-contain- 
ing substances such as sulfate salts, and liquid or solid 
high-molecular-weight fine hydrocarbon particles) have 
tended to give rise to an environmental hygienic problem. 

10 Host of these particles have a particle diameter of less 
than 1 micrometer. They are liable to float in the air 
and be inhaled by man by respiration. Hence, rigorous 
restrictions on discharging of such fine carbonaceous 
particles from diesel engines or the like have been under 

15 consideration. 

There are roughly the following two methods for 
removal of these fine carbonaceous particles. One is to 
filter an exhaust gas with a heat-resistant gas filter 
(for example, a ceramic foam, a wire mesh, a metal foam, 
20 or a wall-flow type ceramic honeycomb) and capture fine 
carbonaceous particles, and to regenerate the filter by 
burning the accumulated fine carbonaceous particles by e 
burner or the like when the pressure drop rises. The 
other method is to deposit a catalytic substance on a 
25 carrier having such a heat-resistant gas filter structure 
whereby both a filtration operation and a burning treat- 
ment are performed by using such a filter structure and 
the frequency of regeneration by burning is thus 
decreased or the burning activity of the catalyst is 
increased to such a degree as to require no regener- 
ation. 

According to the former method, the rise of the 
pressure drop occurs early as the effect of removing the 
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fine carbonaceous particles is increased. The frequency 
of regenerating the filter also increases. Hence, such a 
method is troublesome and is very disadvantageous eco- 
nomically. . in contrast, the latter method would be much 
better if it employs a catalytic substance which can 
effectively maintain its catalytic activity under the 
exhaust gas discharging conditions (gas composition and 
temperature) in a diesel engine. 

The temperature of a diesel engine exhaust gas 
during dr lying. on an urban road is much lower than that 
from a gasoline engine, and even at an exit of a mini- 
fold, the temperature does not reach 450 C. It has 
been desired therefore to develop an exhaust gas cleaning 
catalyst which can well permit ignition and burning of 
accumulated fine carbonaceous particles at a temperature 
obtained under ordinary operating conditions of engine, 
for example at temperatures below 300°C. In fact, no 
such catalyst has ever been obtained. 

.It has previously been reported that with 
regard to catalysts for burning fine carbonaceous parti- 
cles,, a 7.5% rhodium/platinum alloy, a 50:50 mixture of 
Pt and Pd, and palladium or an alloy of palladium and not 
more than 75% by weight of platinum supported on tantalum 
oxide or cerium oxide are effective for SOF (soluble 
organic fraction) (GB 2,024,646). 

Elsewhere, a composition comprising at least 
one material selected from noble metals, chromium, and 
catalytically active compounds thereof deposited on a 
porous refractory inorganic oxide and at least one bulk 
material selected from elements of the first transition 
series, silver, hafnium and catalytically active com- 
pounds thereof (OS 4,303,552), and a composition compris- 
ing copper or a copper compound in combination with 
molybdenum or vanadium or further with platinum, rhodium, 
etc. (EP 92,023) have also been proposed. 

With these prior art catalysts, it has been 
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found difficult to fully secure the low-temperature 
ignitability of fine carbonaceous particles contained in 
diesel engine exhaust gases. 

Generally, i n catalysts heretofore proposed, 
the catalytically active substances are deposited as a 
layer of fine catalytically active particles on that part 
of a three-dimensional structure which makes contact with 
an exhaust gas, or on wall surfaces inside internal pores 
of aggregate. Hence, the efficiency of contact with 
captured fine carbonaceous particles is poor, and suf- 
ficient burning ability cannot be obtained from the 
catalytically active substances. 

It is an object of this invention to provide a 
catalyst which can burn fine carbonaceous particles in an 
15 exhaust gas from an automobile engine, particularly a 
diesel engine, at lower temperatures, and a process for 
producing such a catalyst. 

It has now been found in accordance with this 
invention that in order to secure the low- temperature 
20 ignitability of fine carbonaceous particles from the 
catalyst, the catalytically active substance should be 
deposited as protrusions so as to increase the efficiency 
of contact with the fine carbonaceous particles accumu- 
lated in layer at that surface or part of the three- 
25 dimensional structure which makes contact with an exhaust 
gas. 

Thus, according to this invention, there is 
provided an exhaust gas cleaning catalyst composed, of a 
refractory three-dimensional structure and a catalytical- 

30 ly active substance supported thereon, wherein that 

surface or part of the catalyst which makes contact with 
an exhaust gas is formed of numerous irregularly arranged 
protrusions composed of a refractory inorganic powder 
having a particle diameter of 5 to 300 micrometers or a 

35 mixture of it with refractory inorganic fibers and the 
catalytically active substance supported one the protru- 
sions. 



0211233 

- 4 - 

The catalyst of this invention can be produced 
by a process which comprises depositing a catalytically 
active substance on a refractory inorganic powder having 
a particle diameter of 5 to 300 micrometers or a mixture 
of it with refractory inorganic fibers, preparing an 
aqueous slurry from the resulting mixture and at least 
one dispersant selected from the group consisting of 
alumina sol, titania sol, zirconia sol, silica sol, 
soluble boehmite and soluble organic polymer compounds, 
forming numerous irregularly arranged protrusions on that 
surface or part of a refractory three-dimesnaional 
structure which makes contact with an exhaust gas by 
using the resulting aqueous slurry, and drying and calcin- 
ing the resulting structure. 

Alternatively, the catalyst of this invention 
is produced by a process which comprises preparing an 
aqueous slurry from a refractory inorganic powder having 
a particle diameter of 5 to 300 micrometers or a mixture 
of it with refractory inorganic fibers and at least one 
dispersant selected from the group consisting of alumina 
sol, titania sol, zirconia sol, silica sol, soluble 
bohemite and soluble orgnanic polymer compounds, forming 
numerous irregularly arranged protrusions on that surface 
or part of a refractory three-dimensional structure which 
makes contact with an exhaust gas by using the resulting 
aqueous slurry, drying the structure, optionally followed 
by calcination, depositing a catalytically active sub- 
stance on the structure, and drying and calcining the 

resulting mixture. 

Although the invention is in no way restricted 
by theory, the principle of the present invention can be 
explained as follows :- 

Fine carbonaceous particles are accumulated in 
layer on that part of the three-dimensional structure 
which makes contact with an exhaust gas. Let us assume 
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that the three-dimensional structure is a wall-flow 
honeycomb monolithic body (a ceramic monolithic wall-flow 
honeycomb composed of a number of gas flow channels in 
which the flow channels are composed of channels having 
an open inlet portion and a closed outlet portion and 
channels having a closed inlet portion and an open outlet 
portion alternately and adjacently arranged and the flow 
channel walls adjacent to each other are composed of a 
porous partition wall having a gas filter function) . 
When a gas passes through the pores the partition walls, 
fine carbonaceous particles form a bridge on the side 
wall surfaces at the inlet portion of pores and are 
accumulated there in layer in spite of the fact that the 
average diameter of the pores is much larger than that of 
the fine carbonaceous particles, if the platinum-group 
element-containing catalyst is deposited in layer on the 
surface of the partition wall or on the aggregate inside 
pores of the partition wall without forming protrusions, 
the efficiency of contact of the catalytically active 
substance with the accumulated carbonaceous particles is 
poor, and no desirable catalytic action is observed. In 
contrast, according to this invention, the contact effi- 
ciency is increased and the efficiency of burning the 
carbonaceous particles is very much increased since the 
catalytically active substance is deposited as protru- 
sions on the gas contacting surface or part of the three- 
dimensional structure. 

The three-dimensional structure used in this 
invention may conveniently be a ceramic foam, an open- 
flow ceramic honeycomb, a wall flow honeycomb monolithic 
body, a metal honeycomb, a metal foam, etc. 

The catalytically active substance used in this 
invention is at least one substance selected from the 
group consisting of platinum, rhodium, palladia 
vanadium, iron, cobalt, nickel, molybdenum, tun« ten, 
niobium, phosphorus, lead, zinc, tin, copper, . * romium, 
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manganese, cerium, lanthanum and silver. Of these, 
platinum, rhodium and palladium are especially preferred. 
It is also possible to use a combination of at least one 
catalytically active substance selected from the group 
consisting, of platinum, rhodium and palladium and at 
least one 8 ubstance selected from the group consisting of 
vanadium, iron, cobalt, nickel, monobdenum, tungsten, 
niobium, phosphorus, lead, zinc, tin, copper, chromium, 
manganese, cerium, lanthanum, silver, barium, magnesium, 
calcium, strontium, potassium, sodium, cesium and 
rubidium. 

Suitable refractory inorganic powders for use 
in this invention include, for example, active alumina, 
silica, titania, zirconia, silica-alumina, alumina- 
zirconia, alumina-titania, silica-titania, silica- 
zirconia, titania-zirconia and zeolite. They must have a 
particle diameter in the range of 5 to 300 micrometers. 

Examples of suitable refractory inorganic 
fibers used in this invention are glass, alumina, silica, 
silicon nitride (Si 3 N 4 > , silicon carbide (SiC) , 
potassium titanate, rock wool, zirconia, titanium car- 
bide, iron, nickel, tungsten and calcium phosphate in the 
form of fibers or whiskers. 

The diameter and length of the inorganic fibrous 
substance have strong correlation to the average particle 
diameter of the refractory inorganic powder used. Its 
diameter is preferably 1/300 to 1/5 times its average 
particle diameter. Inorganic fibrous substances having 
diameters outside this range are undesirable because 
fibers having too small a diameter will simply get en- 
tangled with the particles, and those having too large a 
diameter make it difficult to deposit the catalytically 
active substance as protrusions. 

The length of the fibers is also correlated to 
the average particle diameter, and is preferably 1/10 to 
20 times the average particle diameter. Those having too 
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small a length just fill in the interstices of the parti- 
cles, and those having too large a length have poor 
dispersibility with the particles and will form masses 
consisting solely of the fibers. 
5 The refractory inorganic powder, as stated 

above, should have a particle diameter of 5 to 300 micro- 
meters. If the particle diameter is less than 5 microme- 
ters, the resulting protrusions are small, and there is 
hardly any effect of increasing the efficiency of contact 

10 with the fine carbonaceous particles. On the other hand, 
if the particle diameter is larger than 300 micrometers, 
it is difficult to form protrusions, and the area of 
contact of the resulting protrusions decreases. Hence, 
the ability of the catalytically active substance to burn 

15 the fine carbonaceous particles cannot be increased too 
much. 

The amount of the refractory inorganic fibers 
used, as the ratio by weight to the amount of the re- 
fractory inorganic powder, is from 1:1 to 1:0.05, particu- 
20 larly from 1:0.7 to 1:0.07. If the refractory inoragnic 
fibers is used in a larger ratio, the formation of pro- 
trusions by the particles is hampered. On the other 
hand, if it is used in a smaller ratio, no effect of 
adding the refractory inorganic fibers is observed. 
25 The production of the catalyst of this in- 

vention is not particularly restricted, and for example, 
the following processes may be cited as preferred ones. 

Active alumina pellets are impregnated with an 
aqueous solution of a water-soluble salt of a catalytical- 
30 ly active substance, dried and calcined. Thereafter, the 
calcined product is pulverized by a hammer mill (for 
example, PULVERIZER produced by Hosokawa Micron Co., 
Ltd.) and classified by a classifier (for example, MICRON 
SEPARATOR Model MS-0 produced by Hosokawa Micron Co., 
35 Ltd.) to give a powder composed of the refractory in- 
organic powder having a particle size distribution 
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between 5 micrometers and 300 micrometers and the cata- 
lytically active substance deposited thereon. There- 
after, the resulting powder, either alone or in combi- 
nation with the refractory inorganic fibers, is put into 
an aqueous solution containing 1 to 20% by weight, as 
alumina CA1 2 0 3 >, of soluble boehmite (for example 
DISPURAL made by Condea Co., Ltd.), and the mixture is 
stirred. By the thickening effect of the boehmite dis- 
persant, the powdery active substance does not settle 
even on stopping the stirring, and a stable slurry can be 
obtained. ■ The slurry is impregnated into a three- 
dimensional structure, and the excess of the slurry is 
removed. As a result, catalyst layers in the form of 
protrusions having a large height can be formed on the 
surfaces of the inner walls of the structure or on the 
surface of the structure. The impregnated three-dimen- 
sional structure is then dried, and calcined at 200 to 
800°C, particularly 300 to 700°C. 

The dispersant used may also be sols such as 
alumina, titania, zirconia and silica sols, and soluble 
organic polymer compounds besides soluble boehmite. 
Examples of the soluble organic polymer compounds are 
poly(sodium acrylate) , polytammoniura acryiate) , a sodium 
or ammonium salt of acrylic acid/maleic acid copolymer, 
polyethylene oxide, polyvinyl alcohol, carboxymethyl 
cellulose, methyl cellulose, hydroxyethyl cellulose, 
starch, gum arabic, guar gum and glue. To make the 
catalyst coat layer more porous, it is possible to add a 
soluble organic polymer compound such as polyethylene 
glycol to the slurry, and remove it by calcination. 

Another preferred process for producing the 
catalyst of this invention comprises first depositing the 
refractory inorganic powder (and optionally the re- 
fractory inorganic fibers) on the three-dimensional 
structure, further depositing a catalytically active 
substance on the three-dimensional structure, and drying 
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and calcining the resulting structure. 

In the catalyst of this invention, the total 
amount of substances deposited including the catalytical- 
ly active substance is not particularly restricted, it 
5 is 10 to 200 g, preferably 20 to 150 g, per liter of the 
three-dimensional structure. 

The amount of the refractory inorganic powder 
is in the range of 5 to 150 g, preferably 10 to 120 g, 
per liter of the three-dimensional structure. The amount 
10 of the inorganic fibrous substance optionally used, as 
the weight ratio to the refractory inorganic powder, is 
advantageously from 1:1 to 1:0.05, preferably from 1:0.7 
to 1:0.07. 

The amount of a catalytically active substance 
15 deposited is 0.01 to 70 g, preferably 0.05 to 50 g, as an 
oxide or metal, per liter of the three-dimensional struc- 
ture. 

The burning reaction of the fine carbonaceous 
particle is a solid-solid reaction and the efficiency of 
20 contact between the catalytically active substance and 
the fine carbonaceous particles is a very important 
factor. 

The present invention is characterized by the 
fact that the efficiency of burning is markedly increased 
25 by depositing the catalytically active substance to 

protrusions of a suitable size composed of the refractory 
inorganic powder (and optionally the refractory inorganic 
fibers). " 

When refractory inorganic fibrous material is 
30 used, bridging of the fine carbonaceous particles is 
prevented, and the efficiency of contact with the cata- 
lytically active substance is further increased. Conse- 
quently, the fine carbonaceous particles can be burnt at 
lower temperatures than in the absence of the inorganic 
35 fibrous substance. 

The following Examples and Comparative Examples 
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illustrate the present invention more specifically. 

EXAMPLE 1 

One kilograms of commercial active alumina 
pellets (diameter 3 to 5 mm, surface area 150 m /g) 
were impregnated with 1 liter of an aqueous solution of 
290 g of ammonium metavanadate and 435 g of oxalic acid, 
withdrawn, dried at 150°C for 3 hours, and calcined in 
air at 500°C for 2 hours. The pellets were pulverized 
by a hammer mill, and classified by a classifying device 
so that the proportion of particles having a particle 
size of 5 micrometers to 30 micrometers became not more 
than 20%. Coarse particles having a particle diameter of 
more than 300 micrometers were removed by using a sieve. 
The resulting granular active substance had an average 
particle diameter of 75 micrometers and contained 12.5% 
of particles with a size of 5 to 30 micrometers, 13.5% of 
paricies with 30 to 45 micrometers, 22% of particles with 
a size of 45 to 74 micrometers, 27% of particles with a 
size of 74 to 105 micrometers, 12% of particles with a 
size of 105 to 149 micrometers and 13% of particles with 
a size of 149 to 300 micrometers. 

In an aqueous solution of 15 g (11.25 g calcu- 
lated as A1 2 0 3 ) of soluble boehmite was dispersed 150g of 
the classified powdery catalyst obtained above to form 
520 ml of a stable slurry. The slurry had a viscosity of 
25 cps at room temperature. 

A commercial wall-flow type honeycomb mono- 
lithic body (material: cordierite; 5.66 inches in diame- 
ter, 6.0 inches in length, 100 cells/ inch , wall thick- 
ness 17 mils) was used as a carrier. The partition walls 
of the carrier had an average pore diameter of 30 micro- 
meters. 

The above slurry (520 ml) was poured into the 
carrier from the side surface of its gas inlet portions, 
and the excess of the slurry was removed from the oppo- 
site side by means of an air blower. The carrier was 
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dried at 150°C for 3 hours f and calcined in air at 
500°C for 2 hours to obtain a finished catalyst ♦ The 
amounts of Al 2 0 3 and v 2 0 5 deposited in the finished 
catalyst were 40 g/liter-carrier , and 9 g/liter-carrier, 
5 respectively* The catalytic substance was deposited as 
layers of coarse particles on the wall surface of the 
carrier without closing the pores of the carrier. 

EXAMPLE 2 

One kilogram of commercial titania pellets 
10 (diameter 3 to 5 mm, surface area 30 m /g) was immersed 
with 4 50 ml of an aqueous solution of 276 g of ammonium 
molybdate, dried at 150°C for 3 hours, and calcined in 
air at 500°C for 2 hours* 

The pellets were pulverized and classified 
15 (average particle diameter 65 micrometrs) as in Example 
1. A catalyst was prepared in the same way as in Example 
1 using 150 g of the resulting classified powdery cata- 
lytically active substance. The slurry used had a vis- 
cosity of 28 cps. 
20 The finished catalyst contained 40 g/liter- 

carrier of Ti0 2 and 9 g/liter-carrier of Mo0 3 deposited 
thereon. 

EXAMPLE 3 

A classified powdery catalyst was obtained by 
25 depositing copper oxide (CuO) using copper nitrate 
[Cu(N0 3 ) 2 .6H 2 0] on titania-silica pellets (Ti0 2 /Si0 2 
mole ratio»4/l) prepared in advance. 

The powdery catalyst was deposited on a 
three-dimensional structure as in Example 1 to form a 
30 finished catalyst which contained 40 g/liter-carrier of 
Ti0 2 -Si0 2 and 9 g/liter-carrier of CuO deposited 
thereon. 

EXAMPLE 4 

As in Example 1, each of the catalytically 
35 active substances shown in Table 1 was deposited on 
pellets of a heat-resistant inorganic substance and a 



0211233 

- 12 - 

classified powdery catalyst was obtained. The powdery 
catalyst was deposited on the same three-dimensional 
structure in the same way as in Example 1 to give a 
finished catalyst. 

Table 1 



Catalyst 
nation 


Composition 
(g/£-carrier) 


Refractory 
inorganic substance 
(g/£.-carrier) 


4-1 


Pb0 2 (9) 


Al 2 O 3 (40) 


■■- 4-2 - : 


W0 3 (9) 


Al 2 O 3 (40) 


4-3 


CoO (9) 


Al 2 O 3 (40) 


4-4 . 


Mn0 2 <5)-CuO(4> 


Zr0 2 (40) 


4-5 


Ag 2 0(9) 


Si0 2 -Al 2 0 3 (4*1,40) 




CuO(4)-Cr,0,(4) 
-K 2 0(1) * J 


Al 2 O 3 (40) 


4-7 


Nb 2 0 5 (8)-BaO(l) 


Al 2 0 3 -ZrO 2 (3*1,40) 


4-8 


NiO(7)-Ce0 2 (2) 


Al 2 O 3 (40) 



Note 

* shows the composition ratio (mole ratio) of 
the heat-resistant inorganic substance. In the prepara- 
tion of the catalysts shown in Table 1, ammonium para- 
10 tungstate was used as a source of W0 3 ; niobium chloride, 
as a source of Nb 2 0 5 , and nitrates, as sources of the 
other catalytically active substances. 

EXAMPLE 5 

One hundred and fifty grams of MoOj-deposited 
15 titania pulverized and classified as in Example 2 was 
dispersed in an aqueous solution of poly (ammonium 
aery late) (AQUALIC-NL, a tradename for a product of 
Nippon Shokubai Kagaku Kogyo Co. r Ltd.) in a concen- 
tration of 1% by weight as solids to give 520 ml of a 
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stable slurry. A catalyst was prepared as in Example 1 
using the slurry. The finished catalyst contained 40 
g/liter-carrier of TiQ 2 and 9 g/liter-carrier of Mo0 3 
deposited thereon. 

COMPARATIVE EXAMPLE 1 
V 2 0 5 -deposited alumina pellets prepared in the 
same way as in Example 1 were pulverized by a hammer mill 
and then wet-pulverized by an ordinary wet mill to give a 
slurry having an average particle diameter of 0.8 microme- 
ter. 

The slurry was impregnated in the same three- 
dimensional structure as used in Example 1. The excess 
of the slurry was removed by an air blower, and the 
impregnated three-dimensional structure was dried at 
150°C for 3 hours, and calcined at 500°C for 2 hours 
to form a catalyst. 

The amounts of A1 2 0 3 and v 2 0 5 deposited on the 
finished catalyst were 40 g/liter-carrier and 9 g/liter- 
carrier, respectively. The amounts of deposits. in the 
pores, however, were larger than those on the wall sur- 
face of the carrier, and the deposition was nonuniform. 

COMPARATIVE EXAMPLE 2 

Zr0 2 pellets having the same composition as 
obtained in Example 4-4 were pulverized and then wet- 
pulverized by a wet mill in the same way as in Compara- 
tive Example 1 to obtain a slurry having an average 
particle diameter of 1.0 micrometer. A catalyst was 
prepared in the same way as in Example 1 using the re- 
sulting slurry. The finished catalyst contained 5 
g/liter-carrier of Mn0 2 , 4 g/liter-carrier of CuO and 
40 g/liter-carrier of 2r0 2 deposited thereon. 

EXAMPLE 6 

One kilogram of the same alumina pellets as 
used in Example 1 were immersed in 750 ml of a nitric 
acid solution of dinitrodiammineplatinunr containing 20g 
of Pt, dried at 150°C for 3 hours, and calcined at 500°C 
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for 2 hours* The calcined pellets were pulverized 
and classified to obtain a Pt-deposited powder having a 
particle size "distribution between 5 micrometers and 300 
micrometers. The average particle diameter of the powder 
was 81 micrometers. The product was deposited on the 
same three-dimensional structure as in Example 1 to 
prepare a catalyst containing 50 g/liter-carrier of 
A1 2 0 3 and 1.0 g/liter-carrier of Pt deposited thereon. 

EXAMPLE 7 

Two kilograms of the same alumina pellets as in 
Example 1 were immersed in 1.4 liters of a mixture of a 
nitric acid solution of dinitrodiammineplatinum contain- 
ing 15 g of Pt and an aqueous solution of rhodium nitrate 
containing 1.67 g of Rh, dried at 150°C for 3 hours, 
and calcined at 500°C for 2 hours. 

The calcined pellets were pulverized and classi- 
fied in the same way as in Example 1 to give a powdery 
catalyst having an average particle diameter of 78 micro- 
meters and containing Pt and Rh deposited thereon. One 
kilogram of the classified powdery catalyst was dispersed 
in an aqueous solution of 100 g (75 g as alumina) of 
soluble boehinite to form 2 liters of stable slurry. 

The slurry had a viscosity of 72 cps at room 

temperature. A commercial open honeycomb monolithic body 

(material: cordierite; 5.66 inches in diameter, 6.0 

2 

inches in length, 300 cells/inch , wall thickness 6 
mils) was used as a carrier. 

The carrier was immersed in the slurry and 
withdrawn, and the excess of the slurry was removed by an 
air blower. The carrier was ther* dried at 150 C for 3 
hours, and calcined in air at 500°C for 2 hours. 

The finished catalyst contained 120 g/liter- 
carrier of A1 2 0 3 , 0.9 g/liter-carrier of Pt and 0.1 
g/liter-carrier of Rh. 

EXAMPLE 8 

One kilogram of the same alumina pellets as in 
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Example 1 were impregnated with 750 ml of an aqueous 
solution of 630.7 g of cerium nitrate [Ce(N0 3 ) 3 .6H 2 0] , 
dried at 150°C for 3 hours, and calcined at 500°C for 
2 hours. The calcined product was then impregnated with 
5 750 ml of a nitric acid solution of dinitrodiammine- 
platinum containing 25 g of Pt, dried at 150°C for 3 
hours and calcined at 500°C for 2 hours. The calcined 
product was pulverized and classified in the same way as 
in Example 1 to give a powdery catalyst having an average 
10 particle diameter of 79 micrometers. 

The resulting powdery catalyst (150 g) was 
dispersed in an aqueous solution of 15 g, as Si0 2 of 
silica sol (Snowtex-O, a tradename for a product of 
Nissan Chemical Co., Ltd.) to give 520 ml of a stable 
15 slurry. A catalyst was prepared using the slurry and the 
same carrier as used in Example 1. 

The finished catalyst contained 40 g/liter- 
carrier of Al^, 10 g/liter-carrier of Ce0 2 and 1.0 
g/liter-carrier of Pt deposited thereon. 
20 EXAMPLE 9 

Example 7 was repeated except that a commercial 
ceramic foam (bulk density 0.35 g/cm 3 ; porosity 87.5%, 
volume 1.7 liters) was used as a carrier instead of the 
open honeycomb monolithic body. 
25 The resulting finished catalyst contained 120 

g/liter-carrier of Al^, 0.9 g/liter-carrier of Pt and 
0.1 g/liter-carrier of Rh deposited thereon. 

EXAMPLE 10 

Catalysts having the compositions indicated in 
30 Table 2 below were prepared by the same methods as in 
Examples 6 to 9. Ammonium paramolybdate was used as a 
source of molybdenum; ammonium dihydrogen phosphate, as a 
source of phosphorus; ammonium paragungstate, as a source 
of tungsten; niobium pentachloride, as a source of 
35 niobium; and nitrates, as sources of other catalytically 
active substances. ' 
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Table 2 



Catalyst 
desig- 
nation 


Par r i y 

tal t lei 


Refractory 
inorganic 

(g/JL T 


Platinum- 
group 
element 

iq/Z- 

carrier) 


Base metal 
element 

<g/£- 
carrier) 


10-1 


TVfo 11 -PI nu 

WaJL X— £ J.OW 

monolithic 
DOdy 


Alumina (40) 


Pt(l) 


Fe 2 0 3 (8) 


10-2 


n 




n 


CoO (") 


10-3 


n 


•t 


It 


NiO (") 


10-4 


t> 


0 


it 


MoO, (") 


10-5 


H 


II 


it 


WO, (") 


10-6 


II 


■ 


a 


Nb O ( n ) 
2 5 


10-7 


■' ft ' 


It 


it 


P O (") 


10-8 


If 


It 


ti 




10-9 


It 


It 


tt 


ZnO (") 


10-10 


■ 


n 


n 


SnO~ ( n ) 

mm 


10-11 


n 


n 


n 




10-12 


■ it 


it 


tt 


3 4 


10-13 


n 


tt 


it 


Ce0 2 ( n ) 


10-14 


n 


n 


it 


La 2 0 3 («) 


10-15 


it 


n . 


n 


AqO C"> 


10-16 


it 


• n 


n 


BaO ( " ) 


10-17 


it 


It 


n 


MqO (") 


10-18 


«. 


tt 


n 


K 2 0 (2) 


10-19 


Ceramic 
foam 


Ti0 2 -Si0 2 
(4/1,100) 


Pt (1) 


bno 2 ib; 


10-20 


D 


Ti0 2 -2r0 2 
(4/1,100) 


ft 


" (8) 


10-21 


It 


Zeolite 


11 


" (8) 


10-22 


Wall- flow 

monolithic 

body 


Alumina (40) 


Pd(2)- 
Rh(0.2) 


None 



Note: * shows the mole ratio of oxides 
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COMPARATIVE EXAMPLE 3 

Pt-deposited alumina pellets prepared as in 
Example 6 were pulverized, thereafter wet-pulverized by a 
wet mill to such an extent as to perform ordinary wash 
coating. As a result, 520 ml of a slurry with an average 
particle diameter of 1.1 micrometers was obtained. A 
catalyst was prepared by the same method as in Example 1 
except that the resulting slurry was used. The resulting 
finished catalyst contained 50 g/liter-carrier of AljOj 
and l.o g/liter-carrier of Pt deposited on it. 

COMPARATIVE EXAMPLE 4 
Pt/Rh-deposited alumina pellets prepared as in 
Example 7 were pulverized, and then wet-pulverized by a 
wet mill to such an extent as to perform ordinary wash 
coating. As a result, a slurry having an average particle 
diameter of 1.0 micrometer was prepared. An open honey- 
comb monolithic supported catalyst was prepared by using 
the resulting slurry. The finished catalyst contained 
120 g/liter-carrier of A1 2 0 3 , 0.9 g/litrer-carrier of Pt 
and 0.1 g/liter-carrier of Rh deposited thereon. 

COMPARATIVE EXAMPLE 5 
An Al 2 0 3 -deposited open honeycome monolithic 
catalyst was prepared in the same way as in Example 7 
except that Pt and Rh were not used. 

COMPARATIVE EXAMPLE 6 
A catalyst was prepared in the same way as in 
example 8 except that 1316 g of chromium nitrate 
iCr <N0 3 ) 3 .9H 2 O] was used instead of 630.7 g of cerium 
nitrate. The finished catalyst contained 40 g/liter- 
carrier of A1 2 0 3 , 10 g/liter-carrier of Cr 2 0 3 and 
1.0 g/liter-carrier of Pt deposited thereon. 

EXAMPLE 11 

Alumina powder having deposited thereon platinum 
was prepared as in Example 6. The powder had an average 
particle diamter of 81 micrometers. The resulting powdery 
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catalyst (150 g> was dispersed in an aqueous solution 
containing 15 g (11.25 g as Al^) of boehmite to give 
520 ml of a stable slurry. Ten grams of commercial 
alumina fibers (average diameter 9 micrometers, average 
length 900 micrometers) were dispersed in the slurry with 
stirring. The viscosity of the slurry was 25 cps at room 
temperature. A catalyst was prepared as in Example 1 
using the resulting slurry and the same three-dimensional 
structure as used in Example 1. 

The finished catalyst contained 50 g/liter- 
carrier of Al^, 1.0 g/liter-carrier of Pt and 3.3 
g/liter-carrier of alumina fibers deposited thereon. 

EXAMPLE 12 

Two kilograms of the same alumina pellets as in 
Example 1 were immersed in 1.4 liters of a mixture of a 
nitric acid solution of 15 g, as Pt, of dinitrgdiammine- 
platinum and an aqueous solution of 1.67 g, as Rh, of 
rhodium nitrate, dried at 150°C for 3 hours, and calcined 

at 500°C for 2 hours. 

The calcined product was pulverized and classi- 
fied in the same way as in Example 1 to give a powdery 
catalyst having an average particle diameter of 78 micro- 
meters and containing Pt and Rh deposited thereon. One 
kilograms of the classified powdery catalyst was dis- 
persed in an aqueous solution of 100 g (75 g as Al^) of 
soluble boehmite to give 2 liters of a stable slurry. 

One hundred grams of commercial silicon carbide 
whiskers (average diameter 0.7 micrometer, average length 
80 micrometers) were dispersed in the slurry with stir- 
ring. 

The viscosity of the slurry was 91 cps (room 
temperature). The same open honeycomb monolithic carrier 
as used in Example 7 was immersed in the slurry, and 
withdrawn. The excess of the slurry was removed by an 
air blower. The impregnated carrier was thenar ied at 
150°C for 3 hours, and calcined in air at 500 C for 2 
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hours to give a finished catalyst. 

The finished catalyst contained 120 g/liter- 
carrier of A1 2 0 3 , 0.9 g/liter-carrier of Pt, 0.1 
g/liter-carrier of Rh and 12 g/liter-carrier of silicon 
carbide whiskers deposited thereon. 

EXAMPLE. 13 

One kilogram of commercial silica-alumina 
pellets (alumina content 13%, diameter 3 to 5 mm r surface 
area 230 m 2 /g) was impregnated in 750 ml of an aqueous 
solution of 371 g of lead nitrate [Pb(N0 3 > 2 lr dried 
at 150°C for 3 hours, and then calcined at 500°C for 2 
hours. The calcined product was pulverized and classified 
in the same way as in Example 1 to give a powdery catalyst 
having an average particle diameter of 82 micrometers. 
The classified powdery catalyst (150 g) was dispersed in 
an aqueous solution of 15 g, as Si0 2 # of silica sol 
(Snowtex-O, a tradename for a product of Nissan Chemical 
Co., Ltd.), and then 10 g of commerciial glass fibers 
(average diameter 13 micrometers, average length 200 
micrometers) were put into the dispersion. With stirring, 
the mixture was dispersed to give 520 ml of a stable 
slurry. A catalyst was prepared as in Example 1 using 
the resulting slurry and the same three-diraensionl struc- 
ture as in Example 1. 

The finished catalyst contained 40 g/liter- 
carrier of silica-alumina, 10 g/liter-carrier of PbO, 1.0 
g/liter-carrier of Pt and 3.3 g/liter-carrier of glass 
fibers deposited thereon. 

EXAMPLE 14 

A catalyst was prepared in the same way as in 
Example 12 except that a commercial ceramic foam (bulk 

2 

density 0.35 g/cm , porosity 87.5 %, volume 1.7 liters) 
was used as a carrier instead of the open honeycome 
monolithic carrier. The finished catalyst contained 120 
g/liter-carrier of A^Oj, 0.9 g/liter-carrier of Pt, 
0.1 g/liter-carrier of Rh and 12 g/liter-carrier of 
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silicon carbide whiskers. »^ww 

EXAMPLE 15 

Catalysts having the compositions indicated in 
Table 3 were prepared by the same methods as in Examples 
5 11 to 14. 

Ammonium paramolybdate was used as a source of 
molybdenum; ammonium dihydrogen phosphate, as a source of 
phosphorus; ammonium paratungstate, as a source of 
tungsten; niobium pentachloride, as a source of niobium; 
10 and nitrates, as sources of toher catalytically active 
substances. 
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EXAMPLE 16 

The same alumina pellets as used in Example 1 
were pulverized and classified to give an alumina powder 
having an average particle diameter of 90 micrometrs and 
5 a particle size distribution between 5 micrometers and 
300 micrometers. 

The classified alumina powder (150 g) was 
dispersed in an aqueous solution containing 15 g, as 
Si0 2 , of silica sol (Snowtex-0, a tradename for a 

10 product of Nissan Chemical Co., Ltd.), and then 10 g of 
commercial glass fibers (average diameter 13 micrometers, 
average length 2200 micrometers) were put into the dis- 
persion. The mixture was dispersed with stirring to give 
520 ml of a stable slurry. The same open honeycomb . 

15 monolithic carrier was immersed in the slurry, and with- 
drawn. The excess of the slurry was removed by an air 
blower. The impregnated carrier was then dried at 150°C 
for 3 hours, and calcined in air at 500°C for 2 hours 
to give a carrier having the alumina powder and glass 

20 fibers deposited thereon as protrusions. 

The carrier was then immersed in 4 liters of an 
aqueous solution containing a nitric acid solution of 
2.47 g, as Pt, of dinitrodiammineplatinura to deposit 
platinum by chemisorption, dried at 150°C for 3 hours, 

25 and calcined at 600°C for 2 hours. 

The finished catalyst contained 50 g/liter- 
carrier of A1 2 0 3 , 3.3 g/liter-carrier of glass fibers and 
1 g/liter-carrier of Pt deposited thereon. 

COMPARATIVE EXAMPLE 7 

30 Pt-deposited alumina pellets prepared as in 

Example 6 were pulverized and then wet-pulverized by a 
wet mill to such an extent as to perform ordinary wash 
coating. As a result, 520 ml of a slurry having an 
average particle diameter of 0.9 micrometer was obtained. 

35 Ten grams of alumina fibers were put into the slurry and 
dispersed with stirring. Otherwise, the same operation 



0211233 

- 24 - 

as in Example 11 was carried out to give a finished 
catalyst containing 50 g/liter-carrier of A1 2 0 3 , 1.0 
g/liter-carrier of Pt and 3.3 g/liter-carrier of alumina 
fibers deposited thereon. 
5 COMPARATIVE EXAMPLE 8 

Example 12 was repeated except that the silicon 
carbide whiskers were not used* The resulting finished 
catalyst contained 120 g/liter-carrier of Al 2 0 3f 0.9 
g/liter-carrier of Pt and 0.1 g/liter-carrier of Rh 
10 deposited thereon. 

COMPARATIVE EXAMPLE 9 
Example 12 was repeated except that Pt and Rh 
were not used. The resulting finished catalyst contained 
120 g/liter-carrier of A1 2 0 3 and 12 g/liter-carrier of 
15 silicon carbide whiskers deposited thereon. 

COMPARATIVE EXAMPLE 10 
Example 13 was repeated except that 1316 g of 
chromium nitrate [Cr (NOj) 3 .9H 2 0] was used instead of 371g 
of lead nitrate. The resulting finished catalyst con- 
20 tained 40 g/liter-carrier of silica-alumina, 10 g/liter- 
carrier of Cr 2 0 3 , 1.0 g/liter-carrier of Pt f and 3.3 
g/litrer-carrier of glass fibers. 

EXAMPLE 17 

The catalysts obtained in Examples 1 to 16 and 
25 Comparative Examples 1 to 10 were evaluated by using a 
4-cylinder diesel engine with a displacement of 2300 cc. 
At an engine rotating speed of 2500 rpm and a torque of 
4.0 kg-m r fine particles were captured for about 2 hours. 
Thereafter, the torque was increased every 5 minutes by 
30 an increment of 0.5 kg-m, and variations in the pressure 
drop of the catalyst layer were continuously recorded. 
The temperature (Te) at which the rise of the pressure 
due to accumulation of the fine particles became equal to 
the fall of the pressure due to combustion of the fine 
35 particles and the temperature (Ti) at which the fine 
particles were ignited and burnt and the pressure drop 



- 25 - 02112 3 3 

fell abruptly. The amount of the pressure drop changed 
per hour in the case of capturing fine particles at an 
engine rotating speed of 2500 rpm and a torque of 4.0 
kg-m was calculated from the chart # and the value 
5 ^P(mmHg/hr> was determined. Furthermore, the amounts of 
fine particles at the inlet and outlet of the catalyst 
layer were measured, and the percent removal (ratio of 
capturing) of the fine particles was calculated. The 
results are shown in Tables 4 to 6. 
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Table 4 



Catalyst 
designation 


AP 

/ mm J mm \ 

(mmHg/Hr) 


Te 


Ti 

I C) 


Ratio of 
capturing 

I*) 


Example 1 


22 


323 


338 


70 


2 


20 


325 


342 


70 


" 3 


20 


343 


360 


70 


" 4-1 


21 


340 


362 


70 


" 4-2 


24 


374 


390 


70 


4-3 


22 


352 


366 


70 


4-4 


20 


343 


350 


70 


4-5 


24 


345 


360 


70 


4-6 


21 


338 


352 


70 


" 4-7 


23 


372 


388 


70 


4-8 


21 


347 


362 


70 


5 


21 


325 


343 


70 


Comp. Ex. 1 
2 


27 
25 


365 
388 


380 
412 


70 
70 
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Table 5 













Ratio of 


Catalyst 






Te 


Ti 


capturing 


designation 






(°C) 


(%) 


Example 


6 


7 


31 0 


320 


70 


it 


7 




308 


319 


40 


it 


8 




309 


320 


70 




9 


t; 
j 


& t u 


288 


30 


if 


10-1 


7 


30ft 


318 


70 


n 


10-2 


£ 
U 


307 


318 


70 


n 


10-3 


w 


307 


318 


70 


n 


10-4 


7 


30ft 


320 


70 


n 


10-5 


O 


^05 
jUj 


31 6 


70 


n 


10-6 


O 


305 

.J \J -J 


316 


70 


ft 


10-7 




300 


314 


70 


it 


10-8 


7 


30ft 


320 


70 


ti 


10-9 


/ 


**1 O 


300 


70 


ft 


10-10 


0 


**0 R 
jUj 


31 
JiD 


70 


n 


10-11 


7 


31 0 


317 

Jlr 


70 


n 


10-12 


7 


30ft 


31 Q 


70 • 


n 






305 


31 5 

J JL -J 


70 


n 


10-14 




31 0 


320 


70 


rt 


10-15 


u 


30ft 


31 ft 


70 


n 


10-16 


7 


309 


320 


70 


n 


10-17 


7 


308 


319 


70 


rt 


10-18 


6 


308 


318 


70 


n 


10-19 


c 


272 


285 

Sm O J 


30 


n 


10-20 


-> 


273 


287 


30 


n 


10-21 


6 


275 


288 


30 


n 


10-22 


7 


315 


330 


70 


Comp. Ex 


. 3 


7 


395 


403 


70 


n 


4 


4 


392 


400 


5 


o 


5 


18 


565 


575 


5 


.» 


6 


11 


385 


400 


70 
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Table 6 



Catalyst 
designation 


(mniHo/Hr ) 


Te 


Ti 


Ratio of 
capturing 


Example 


11 


8 




315 

J X J 


73 


n 


12 


4 


300 

*J U v 






it 


i ^ 
±o 


8 


301 


312 

J JL A 


7S 


ti 


1 A 
14 


6 


270 


282 


33 


n 


lo— 1 


8 


300 


312 
v j. 


74 


n 


15-2 


7 


298 


310 


70 


n 


15-3 


7 


300 


312 

-L A* 


74 


n 


15-4 


7 
• 


299 
j j 


31 0 


73 


n 


15-5 


7 


OQQ 


31 0 


7*3 


n 


15-6 


u 


300 


31 0 


7A 

/ 4 




15-7 


7 


997 




70 




15-8 


7 


OQ A 
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What is claimed is: 

1. An exhaust gas cleaning catalyst composed of a 
refractory three-dimensional structure and a catalytical- 
ly active substance supported thereon, wherein that 
surface or part of the catalyst which makes contact with 
an exhaust gas is formed of numerous irregularly arranged 
protrusions composed of a refractory inorganic powder 
having a particle diameter of 5 to 300 micrometers or a 
mixture of it with refractory inorganic fibers and the 
catalytically active substance supported on the protru- 
sions. 

2. The catalyst of claim 1 wherein the refractory 
three-dimensional structure is a ceramic foam, an open- 
flow ceramic honeycomb, a wall-flow honeycomb monolithic 
body, a metal honeycomb or a metal foam. 

3. The catalyst of claim 1 wherein the refractory 
three-dimensional structure is a ceramic monolithic 
wall-flow honeycomb composed of a number of gas flow 
channels in which the flow channels are composed of 
channels having an open inlet portion and a closed outlet 
portion and channels having a closed inlet portion and an 
open outlet portion alternately and adjacently arranged 
and the flow channel walls adjacent to each other are 
composed of a porous partition wall having a gas filter 
function. 

4. The catalyst of claim 1 wherein the refractory 
inorganic powder is a powder of at least one material 
selected from the group consisting of active alumina, 
silica, titania, zirconia, silica-alumina, alumina- 
zirconia, alumina-titania, silica-titania, silica-* 
zirconia, titania-zirconia and zeolite. 

5. The catalyst of claim 1 wherein the refractory 
inorganic fibers are at least one kind of fibers selected 
from the group consisting of fibers and whiskers of 
glass, alumina, silica, silicon nitride (Si 3 N 4 > , 
silicon carbide (SiC), potassium titanate, rock wool, 
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zirconia, titanium carbide, iron, nickel, tungsten and 
calcium phosphate. 

6. The catalyst of claim 1 wherein the average 
diameter and average length of the refractory inorganic 
fibers are from 1/300 to 1/5, and from 1/10 to 20 times 
the average particle diameter of refractory inorganic 
powder, respectively. 

7. The catalyst of claim 1 wherein the weight 
ratio of the refractory inorganic powder and the re- 
fractory inorganic fibers is in the range of from 1:0.05 
to 1:1. 

8. The catalyst of claim 1 wherein the catalyti- 
cally active substance is at least one substance selected 
from the group consisting of platinum, rhodium, palladium, 
vanadium, iron, cobalt, nickel, molybdenum, tungsten, 
niobium, phosphorus, lead, zinc, tin, copper, chromium, 
manganese, cerium, lanthanum and silver. 

9. The catalyst of claim 8 wherein the catalyti- 
cally active substance is platinum, rhodium, or 
palladium* 

10. The catalyst of claim 1 wherein the catalyti- 
cally active substance is a mixture of at least one 
element selected from the group consisting of platinum, 
rhodium and palladium and at least one element selected 
from the group consisting of vanadium, iron, cobalt, 
nickel, molybdenum, tungsten, niobium, phosphorus, lead, 
zinc, tin, copper, chromium, manganese, cerium, lanthanum, 
silver, barium, magnesium, calcium, strontium, potassium, 
sodium, cesium and rubidium. 

11 # A process for producing an exhaust gas cleaning 

catalyst comprising a refractory three-dimensional struc- 
ture and a catalytically active substance supported 
thereon, which comprises depositing the catalytically 
active substance on a refractory inorganic powder having 
a particle diameter of 5 to 300 micrometers or a mixture 
of it with refractory inorganic fibers, preparing an 
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aqueous slurry from the resulting structure and at least 
one dispersant selected from the group consisting of 
alumina sol, titania sol, zirconia sol, silica sol, 
soluble boehmite and soluble organic polymer compounds, 
forming numerous irregularly arranged protrusions on that 
surface or part of the refractory three-dinmensional 
structure which makes contact with an exhaust gas by 
using the resulting slurry, and drying and calcining the 
resulting structure. 

12. A process for producing an exhaust gas cleaning 

catalyst comprising a refractory three-dimensional struc- 
ture and a catalytically active substance supported 
thereon, which comprises preparing an aqueous slurry from 
a refractory inorganic powder having a particle diameter 
of 5 to 300 micrometers or a mixture of it with refracto- 
ry inorganic fibers and at least one dispersant selected 
from the group consisting of alumina sol, titania sol, 
zirconia sol, silica sol, soluble boehmite and soluble 
organic polymeric compounds, forming numerous irregularly 
arranged protrusions on that surface or part of the 
refractory three-dimensional structure which makes con- 
tact with an exhaust gas by using the resulting slurry, 
drying the structure, optionally calcining it, depositing 
the catalytically active substance on the structure, and 
drying and calcining the resulting structure. 
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